INTRODUCTION
Semiconductor detectors were mainly developed to identify the path of charged particles in high energy experiments. Due to the great energy and spatial resolution and the small amount of radiation energy to generate an interaction in them, these detectors have been successfully applied in tracking and identification systems. Therefore, they are generally situated in the closest position of the particle interaction point in any experiment on particle physics.
In general the principle of particle detectors is the identification of the tracks left by the passage of a charged particle by ionization. Also, detectors are sensible to photons through the well known processes: photoelectric effect, pair production, compton scattering, bremsstrahlung, as others. When photons pass through matter, it knocks out electrons from the atoms disturbing the structure of the material and creating loose electrons. Thus this interaction leaves a trace of disturbed matter and move the electrons from the original atoms to some terminals (wires, anodes) where they can be collected. This collected charge will be the signal that the rest of the electronic chain in the system will identify as an electronic pulse.
The spatial resolution of the silicon detector depends on the design. There are pixel or strip detectors, two and one dimensional respectively. There are others which also identify the kind of particle through the energy deposit in it. Their energy resolution depends on the number of interactions on the detector. So. in order to have a good energy resolution it is necessary to increase the number of information carriers creating during the interaction. This is another vantage of semiconductor detectors. Other detectors use light as the carriers of information, instead silicon detectors use electron-hole pairs.
More than two decades ago silicon detectors have been used in high energy physics experiments mainly in the identification of charged particles and tracking position [1] . Due to their versatility they also have been applied in other fields as Astrophysics, Medical Physics and others.
The great amount of applications of silicon detectors is due to parallel development in electronics of low noise and very large system integration (VLSI). This kind of electronic is necessary for the small amount of charge created in the detector when radiation passes through. This charge is hidden by the electronic noise. So it is necessary to have an electronic system with very low levels of noise. For a good application of these devices it is needed to get at least a signal-to-noise ratio of one order of magnitude. The amount of charge deposited in the typical 300 µm of thickness of a silicon detector is around 25,000 electrons which means a charge of 4fC.
In this laboratory the students will develop some exercises to appreciate the properties of silicon detectors as its great spatial resolution. This lab is based in a previous one [2] given in other course in Mexico. This is an improved version of it.
SILICON DETECTORS
When an electric field is created in the semiconductor, the electron-hole pairs present in the material undergo a net migration. This effect is called the drift velocity of the carriers. This migration or velocity depends on the electric field. The time required to collect the charge could be of nanoseconds, which makes them one of the fastest-responding of all radiation detector types. One can see in fig.1 a charged particle or photon hitting the detector.
The dominant advantage of semiconductor detectors lies in the smallness of the ionization energy. The main elements that semiconductors are made are silicon and germanium. For them it is required only an energy of 3.6 eV to create an electron-hole pair while for a gas-filled detectors a 30 eV is needed. As it was pointed before this increment has two beneficial effect on the energy resolution; the statistical fluctuations diminishes and the signal to noise ratio improves considerable. The main characteristics of the silicon detectors that make them useful devices are:
• Speed of reaction when radiation cross the surface of 10 ns.
• Spatial resolution ∼ 10µm.
• Flexibility of design.
• Small amount of material (0.003 X 0 for 300 µm thick detector).
• Linearity of the response vs. the deposited energy.
• Good resolution in the deposited energy.
• Tolerance to high radiation doses.
A silicon detector can be visualized as a diode with a junction of p + and n material. In this junction a depletion zone is created. Applying an inverse voltage this depletion region expands, decreasing the production of charges (leakage current), letting the region prepared for detecting radiation that will originate charges when crossing the wafer surface. The electric field created guides the generated charge to the cathodes. These cathodes are the p + material which collect the charge that will be transmitted to the electronics. For our detector these cathodes are the microstrips. Above each cathode there is a metallic cover to permit the connection between the detector and readout electronics via a microbounding.
The detector used in this laboratory is known as microstrip silicon detector. Our detector has 256 strips, 50 microns pitch, 300 microns wide and an area of 2 × 1.25cm 2 . The read out of the signal is done by an electronic chip called Viking. It is connected only to 128 strips so it covers an active area of 2 × 0.625cm 2 .
Microstrip detectors provide therefore the measurement of one coordinate of the particle's crossing point with high precision. Using very low noise readout electronics, the measurement of the centroid of the signal over more than one strip further improves the precision. Clearly the precision of this procedure depends on the noise of the readout chain (including the quantization error introduced by the analog-to-digital converter, which is important when using small signals). If digital readout is used (strip hit or not hit), the resolution is simply σ = pitch √ 12 [3] .
Viking chip
For the application of silicon detectors in identifying charged radiation and X-ray, a low noise electronic system is required. VIKING, a low noise silicon strip readout VLSI chip has been designed for this purpose. It was constructed in 1.5µm CMOS technology [4] .
The chip contains 128 low power (1.5 mW/channel) charge sensitive preamplifiers followed by CR-RC shapers and sample and hold circuit, input and output multiplexing and one output buffer. Use of time continuous shaping facilitates triggered applications and enables optimum signal to noise ratio.
Two
any time should be switched on. The "start" goes into the output multiplexer and the internal clock shifts it through the 128 channels. For one clock cycle each channel is connected to the output buffer to read the channels out. After 128 clock cycles the outcoming signal from channel 128 stops the internal clock, disables the output buffer and creates a shift-out which can be used as a shift-in for the next readout chip. The peaking time is 1.5 µs and the noise is typically 70 e − + 12 e − C.
For low energy X-ray applications the noise has to be as low as possible. A 10 keV Xray will only produce 2800 electron-hole pairs in silicon. So, if a signal to noise ratio of one order of magnitude, as mentioned before, has to be reached it is necessary to reduce all the sources of unwanted electric signals inside the electronic chain. The contributions of the silicon detector to the total noise of the assembly come from:
• The load capacitance of the silicon detector.
• The leakage current in the silicon detector.
• Possible resistance between the active element of the detector and ground, or the bias supply.
Therefore it is important for these kind of detectors to have a very low noise electronics. Generally the development of these detectors implies a similar development of their electronics.
THE LABORATORY SETUP
In this experiment we use the following equipment:
1. Timing unit for readout circuit, VIKING TIMING; 2. Wave function generator for trigger and laser; 3. NIM crate, discriminator and scaler; 4. Oscilloscope; 5. Laser diode;
The silicon microstrip detector is wire bonded to the Viking readout circuit, which has been placed on a readout PCB (Printed Circuit Board). For this system there is a metallic box which contains the microstrip. This box is necessary to avoid the increment of noise in the silicon detector produced by visible light and it will permit us to have a signal as clean as possible. 
Trigger system
The development of this system includes a start for detecting an event (trigger) in one of the 128 channels. Triggering is a common tool in particle detectors to be able to synchronize them with others and the whole system.
The trigger sends a signal in order to let the channels transmit their information or voltages to the electronic system. When a particle is detected and impinges in the active zone one or some strips show a voltage peak of different values going from 50 to 200 mV, see fig. 2 .
LABORATORY COURSE ON SILICON DETECTORS
This laboratory course consists of two different mini sessions, in order to give the student some hands-on experience on various aspects of silicon detectors and related integrated electronics. The exercises to carry out are:
• Familiarization with the different instruments in any experimental lab as oscilloscope, wave function generator, as others.
• Measurement of the position resolution of a microstrip detector with a laser.
The first exercise consists in identifying the important parameters of the oscilloscope to find a wave function selected in the instrument and set it on the screen. In this simple excercise the main scope is to let the student to handle the oscilloscope to set the best parameters of voltage and time scale and also to set the trigger.
The second exercise consists in using a laser to make some studies of the spatial resolution. In this case it is required to modify a little the set-up. A special assembly, a micro manipulator has been mounted on the metallic box containing the silicon detector, which can be precisely moved such that the translation direction is orthogonal to the strips. An optical fiber has been mounted there to move the light shining the strips and register it in the oscilloscope. There is about 100 µ m distance from the laser to the silicon surface.
Also in this lab session the students will acquire some knowledge and skills on diodes, in managing electronic devices such as voltages supplies, NIM technology, etc.
As we have seen during this report, silicon microstrip detectors are the most commonly used device for high resolution tracking in particle physics. The strip design allows a large sensitive area with relatively few readout channels. The basic strip detector is read out on one side giving information of the track position only in one dimension.
To trigger the viking timing module and at the same time to send a laser light pulse to the detector, we will use a laser diode. In order to enable the laser as a light pulse mode, we used a wave generator device. The circuit of the laser diode gives also an electric pulse which will be used as a trigger. So a cable with this electric signal goes to the module and the laser light goes to shine the detector transmitted by an optic fiber. This fiber is placed in a micro manipulator which can be moved with good precision (see fig.3 ). The transfer direction is orthogonal to the strips so we can see in the oscilloscope the strips hit by the light.
Measurements
Once the students worked out with the instruments we can develop the second exercise which consists in determining the position resolution of the silicon microstrip detector. A little lense was placed in the output of the optic fiber in order to focalize the light, see Fig. 4 . In this way we were able to obtain the laser spot a few strips wide. We require the information from a number of strips in order to accurately determine the peak position. This is done by determining the center of mass of the pulse. Moving the laser some known distance, we can calculate the spatial resolution comparing this distance vs. the interval between two center of mass of each pulse. It is important to say that one complete turn move the laser 0.9 mm. So we can proceed as follows:
1. Move the micro manipulator by turning the micrometer placed on the box. Using an oscilloscope you will now see the signal from the light moving from one strip to another. 2. Place the laser in a region with a nicely distributed signal. 3. Turn the screw one seventh of a complete turn and repeat step 2.
Results
As we can see, the light should hit some strips and that is shown in fig.5 . Sometimes there are more strips hit in one zone than in another. This is due to the not perfect straight movement of the laser mechanism. There were one where one could see 6 strip and other where 7 were seen.
Moving the laser along the detector and being its light spot perpendicular to the strips we register the amplitudes. Table 1 shows the measured amplitudes (in mV) of the signal for different strips in some positions of the laser. We decided to move the laser an equivalent turn of 20 µ m which in our case it is a 1/50 of a complete turn. In the screw there are some marks to indicate those intervals.
As it is shown in fig. 5 we write down the amplitude of each strip. These strips are manifested as little steps in the distribution. As the system is build, the signal of the different strips can be seen in the oscilloscope where the signal appears as amplitude vs. time. In this case the amplitude of each strip corresponds to 1µs. The peak position can be determined by calculating the centroid :
A i represents the amplitude and x i the strip number multiplied by the pitch (50 µ m). Performing the operation of calculating the peak position one can demonstrate that the measured difference between the peak positions is very close to the expected one of 20 µm.
Since we are averaging the signals from the Viking in order to minimize the electronics noise, and taking 7 points to calculate the centroid, it can be seen that position accuracy down to a few µ m can be achieved. To determine in a more precise way the resolution of the detector one should take several measurements for "single events" (i.e. not averaging the signal, but taking only one signal for each measurement) and fill an histogram with the distribution of the errors on the measured peak differences. The RMS of this distribution would represent the detector resolution.
